Regulation of renal phosphate transport by acute and chronic metabolic acidosis in the rat.
Metabolic acidosis results in impaired renal tubular phosphate reabsorption and proximal tubular apical brush border membrane (BBM) sodium gradient-dependent phosphate transport (Na/Pi cotransport) activity. In the present study we investigated the cellular mechanisms responsible for decreased Na/Pi cotransport activity following six hours to 10 days of metabolic acidosis induced by ingestion of NH4Cl. Urinary Pi excretion was significantly increased and BBM Na/Pi cotransport activity was progressively and significantly decreased by 18% at six hours, 24% at 12 hours, 32% at 24 hours, and 61% after 10 days of metabolic acidosis. The progressive and time-dependent decreases in BBM cotransport activity were associated with progressive decreases in BBM NaPi-2 protein (43% at 12 hr, 54% at 24 hr and 66% at 10 days) and cortical NaPi-2 mRNA (22% at 12 hr, 54% at 24 hr and 56% at 10 days) abundance. Interestingly, following six hours of metabolic acidosis, there was a significant 29% decrease in BBM NaPi-2 protein abundance that was not associated with decreases in either cortical homogenate NaPi-2 protein or cortical NaPi-2 mRNA abundance. In additional studies we found that the effects of chronic metabolic acidosis on Na/Pi cotransport activity were independent of endogenous parathyroid hormone activity, but were somewhat dependent on dietary Pi intake. In rats fed a high or a normal Pi diet metabolic acidosis caused significant decreases in Na/Pi cotransport activity, NaPi-2 protein and NaPi-2 mRNA abundance, however, in rats fed a low Pi diet the inhibitory effect of metabolic acidosis on Na/Pi cotransport were minimal and not significant. These results indicate that in chronic (> or = 12 hr) metabolic acidosis the progressive decrease in BBM Na/Pi cotransport activity is most likely mediated by decrease in BBM NaPi-2 protein and cortical mRNA abundance. In contrast, in acute (< or = 6 hr) metabolic acidosis the decrease in BBM Na/Pi cotransport activity is likely mediated by changes in the trafficking of the NaPi-2 protein that is, enhanced internalization from and/or impaired delivery of the NaPi-2 protein to the apical BBM.